Rubus species, phenotypic correlation, berry weight ABSTRACT. Antioxidant compounds absorbed from our diet are thought to have a role in preventing chronic diseases that result from oxidative damage. Berry fruit have high levels of antioxidants, and further increases in antioxidant activity (AA) might be possible through breeding. We determined the AA, total phenolic content (TPH), and fruit weight in 16 blackberry and hybridberry (Rubus L.) cultivars harvested in New Zealand and Oregon in 2002 and 2003, to assess genetic and environmental variation. Both AA and TPH varied signifi cantly between years within location, but not among cultivars or between locations per se. However, cultivar interactions with both location and year within location contributed to variation in both variates. In contrast, both cultivar and location contributed to variation in fruit weight, but years within location did not. However, the cultivar × year within location interaction was signifi cant for this trait. Variance component distributions confi rmed that cultivar and location effects together contributed little (<20%) to the total variation in either AA or TPH, while cultivar × environment interactions accounted for >50% of total variation in these traits. Cultivar and location effects together contributed ≈70% of the total variation observed in fruit weight. Phenotypic correlations were signifi cant between AA and fruit weight (r = -0.44), and between TPH and fruit weight (r = -0.51). When adjusted for fruit weight, analyses for AA and TPH demonstrated that cultivar effects approached signifi cance (P = 0.06) and accounted for ≈25% of total variance, while location effects accounted for none. Although the cultivars in this study had diverse interspecifi c backgrounds, utilization of various Rubus species in blackberry and hybridberry breeding is not uncommon, and our results demonstrating signifi cant cultivar × environment interaction for AA and TPH should be applicable to breeding for high AA genotypes.
Greater consumption of fresh fruit and vegetables has been encouraged in recent years because their intake has been linked to lower risk of cardiovascular diseases (Bazzano et al., 2002; Joshipura et al., 1999 Joshipura et al., , 2001 Powles, 1997, 1999; Sauvaget et al., 2003) , cancer (Block et al., 1992; Miller et al., 2004; Smith-Warner et al., 2003; Potter, 1991, 1996) , degenerative eye diseases (Brown et al., 1999; Cho et al., 2004; Goldberg et al., 1988) , and other chronic and degenerative diseases that occur frequently in industrialized countries. One of the mechanisms that appears to be important in the development of many degenerative diseases is oxidative stress, induced by free radical attack on cellular components by active oxygen species. Consequently, antioxidants, which prevent oxidative stress, are considered important in reducing the initiation and progression of these diseases. Our endogenous antioxidant systems serve a major role in combating oxidative stress (Cotran et al., 1999 ), but we also obtain effective antioxidants through our diets. Fruit and vegetables are excellent sources of antioxidant phytochemicals, such as the carotenoids, vitamins C and E, folate, and thiol compounds. Their antioxidant activity (AA) might help explain the link between increased fruit and vegetable consumption and lower risk of chronic diseases. In contrast to animal food sources, plant foods also contain many simple phenolic and polyphenolic compounds that possess signifi cant AA. The polyphenolic compounds are chemically diverse and, in plants, they serve a number of eco-physiological roles, including responses to disease or other stress. As components in the human diet, the phenolic compounds are hypothesized to function as antioxidants directly, or to infl uence the production or function of other antioxidant compounds in the body. Since berry fruit (including Rubus species) contain high concentrations of several classes of phenolic compounds, including phenolic acids, anthocyanins, and fl avonols (Häkkinen et al., 1999; Herrmann, 1989; Kähkönen et al., 2001 , Proteggente et al., 2002 , these compounds appear to account for the high in vitro AA found in many berry extracts (Halvorsen et al., 2002) ., even as compared to other fruit, which are considered excellent sources of AA (Halvorsen et al., 2002; Kähkönen et al., 1999; Wang et al., 1996) .
As more consumers in industrialized nations consume healthier diets with more fruit and vegetables, worldwide production is necessary to satisfy increasing demand and provide year-round availability. Successful production depends on having cultivars adapted to the target growing regions. Cultivar development programs typically assess performance and adaptability of selections over several locations and years, but economic constraints limit the environments in which a selection can be tested. Programs developing cultivars with higher levels of healthful compounds can better anticipate the extent of testing required to accurately assess the trait(s) if estimates of genotypic and environmental variation are available. In this study, we report the genotypic and environmental variation in AA, total phenolic content (TPH), and fruit weight among blackberry and hybridberry cultivars grown in the northern (Oregon, United States) and southern (South Island, New Zealand) hemispheres where breeding programs are maintained. Variation in AA and TPH among hybrid blackberry cultivars has been reported previously (Clark et al., 2002; Moyer et al., 2002; Sellapan et al. 2002; Wada and Ou, 2002; Wang and Lin, 2000) , although in most of these studies only a small number of cultivars were examined. The largest of these studies (Moyer et al., 2002) reported AA, TPH, and anthocyanin content in fruit from 37 Rubus species and cultivars, including 27 hybrid blackberry genotypes and fi ve species of blackberries harvested in a single year. They noted the signifi cant and generally high correlations between AA and TPH. They also reported no significant correlation between fruit size (fruit/100 g) and anthocyanin content among the hybrid blackberries, but found a correlation (r = 0.45) between size and anthocyanin content when all 37 Rubus species and cultivar genotypes were considered. Clark et al. (2002) included fewer blackberry genotypes (13-15), but examined differences in AA, TPH, and anthocyanin content between two growing seasons. Some genotypes demonstrated little change between years, while others showed marked differences. The current investigation differs from the previous reports in that it examines the effects of location and year on the AA, TPH, and fruit weight among 12-16 blackberry and hybridberry cultivars. For clarity, the term "blackberry" is used here to refer to those genotypes whose known or presumed ancestries include species from Rubus blackberry subgenera only, while "hybridberry" refers to those whose ancestral species are not purely from blackberry subgenera. In the botanical sense, all cultivars included in this study are "blackberries" in that the receptacles remain with the detached fruit.
Materials and Methods

PLANTS.
Genotypes were selected on the basis of their availability and ability to yield a suffi cient sample of fruit for both years of the study (2002-03, designated 2002; and 2003-04, designated 2003) . In New Zealand, plants were grown in a research orchard at HortResearch-Nelson Research Centre in Motueka (lat. 41°6´S). Plants were grown in rows in a single block protected by bird-proof netting and were trained to a four-wire trellis system. Single plants were harvested for each genotype in both years. Spacing was 1.5 m between plants and 3 m between rows. Fertilization, weed control, and irrigation practices standard for the region were provided both seasons. Floricanes were trained to wires during the dormant season, and were removed following the fruiting season. In Oregon, the plants were grown in a research orchard at the North Willamette Experiment Station in Aurora (lat. 45°23´N). Plant spacing and training were similar to that in New Zealand, but no netting protection was used. For each genotype, fruit were harvested from one to three plants within a single plot in both years.
FRUIT. Approximately 100 g of shiny black, ripe, sound fruit were collected when ≈50% of the fruit on the plant were fully ripe. Overripe fruit (dull black) were avoided. Experienced individuals at both sites performed the harvests, to assure that the fruit were collected at the same stage of ripeness. Of the 16 cultivars selected for study, 12 were successfully harvested in both years at both locations. In New Zealand, fruit were held 1-3 h at ambient fi eld temperature (≈11-13 °C) in the shade in plastic punnets prior to being weighed, counted, and stored in sealed plastic bags at -20 °C (in 2002) or -40 °C (in 2003) . Six to 8 weeks later they were transferred on dry ice without thawing to laboratory facilities where they were held at -85 °C until extraction. Fruit collected in Oregon were held in plastic bags on wet ice in insulated containers for 1-4 h in the fi eld, until weighing and freezing at -40 °C. After 6 to 8 weeks, they were shipped on dry ice without thawing to the laboratory facilities in New Zealand and held at -85 °C until extraction.
EXTRACTION. Extractions were conducted under reduced light conditions or under safety-light in a fume hood. Approximately 30 g of frozen fruit were weighed, counted, and placed in 250-mL glass screw-cap bottles to which 150 mL solvent (80 ethanol : 20 water : 1 glacial acetic acid, by volume) was added; fruit collected from Oregon in 2002 were extracted in a ratio of 20 g fruit to 100 mL solvent. The mixture was homogenized at highest speed for 1 min using an Ultra-Turrax (T 25 basic; IKA Works, Selangor, Malaysia). The homogenate was stored in tightly capped bottles for 48 h at 4 °C, at which time it was mixed briefl y and allowed to equilibrate toward room temperature (≈18 °C) for 1 h. Two 10-mL aliquots of the homogenate were removed to separate glass screw-cap tubes and centrifuged at room temperature for 20 min at 1500 g n (Labofuge GL; Heraeus Christ, Osterode, Germany). Approximately 4 mL of supernatant was removed from each aliquot and stored in separate amber screw-cap glass vials at -20 °C until assayed. Extractions were performed in duplicate, giving four aliquots for each genotype.
TOTAL PHENOLIC CONTENT. A modifi cation of the Folin-Ciocalteu reagent-based method by Coseteng and Lee (1987) was used, allowing 90 min for color development. Single determinations were performed on each aliquot from each extract, since preliminary work showed that variation between determinations on a single aliquot was negligible (data not shown). Results are expressed as gallic acid equivalents (GAE) in milligrams per 100 g fruit.
ANTIOXIDANT ACTIVITY. The ferric-reducing antioxidant power (FRAP) assay (Benzie and Strain, 1996 ; also referred to as the "ferric-reducing activity of plasma") was used, with modifi cations by Deighton et al. (2000) . After the addition of diluted extract or standard to the FRAP reagent, absorbance of the colored product [ferrous tripyridyltriazine (TPTZ) complex] at 593 nm was recorded at exactly 4 min (DU-640 spectrophotometer; Beckman, Fullerton, Calif.). Standard curves using Trolox (0-250 μM) and ferrous sulphate (0-500 μM) were determined separately with each assay and both were linear within their respective ranges. The ferric-reducing activity of Trolox was approximately twice that of ferrous sulphate, which concurs with Benzie and Strain (1996) . Single determinations were performed on each aliquot from each extract, since preliminary work showed that variation between determinations on a single aliquot was negligible (data not shown). Results are expressed as micromoles of ferrous sulphate equivalents (FE) per gram of fruit.
STATISTICAL ANALYSES. Analyses of variance (ANOVAs) and variance component analyses were performed with cultivars, locations, years, extracts, and aliquots treated as random effects. Years were nested within locations, and extracts within cultivars.
Restricted maximum likelihood was used to estimate variance components. ANOVAs and variance components analyses were based on the 12 cultivars common to both locations in both years. The cultivar means, over years and locations, were used in calculating phenotypic correlations. Satterthwaiteʼs (1946) approximation for denominator degrees of freedom, as described by Steel et al. (1997) , was used where required. Analyses were performed using S-Plus software (version 6.1.2, release 1 for Microsoft Windows; Insightful Corp., Seattle, Wash.)
Results
Mean AA, TPH, and fruit weight for the cultivars harvested at each location in 2002 and 2003 are shown in Table 1 . For each location, mean AA and TPH over the 12 common cultivars was lower in 2003 than 2002. The ranges in TPH among the 12 cultivars were similar in degree to those in AA in the respective locations and years. The within-year differences in fruit weight of the 12 cultivars were similar to, or perhaps slightly greater than, those for AA and TPH at each location, given the difference in scale.
Of the four additional cultivars that were not harvested from both sites in both years of the study, ʻChehalemʼ was distinguished by its high AA and TPH and low berry weight. In New Zealand (NZ), it showed the highest AA and TPH of all genotypes measured in 2002, while in Oregon (OR), it showed the second-highest AA and highest TPH values in 2003. In both circumstances, it also had the lowest fruit weight. Inclusion of the four additional cultivars did not substantially change the overall means for AA, TPH, or fruit weight within each location.
ANOVAs of the combined-year data refl ected some of the changes in traits between years and locations that were noted above. Cultivar and location effects on AA were not signifi cant in the combined year analyses (Table 2) ; ANOVAs for individual year data demonstrated signifi cant variation between locations only in 2003 (P = 0.043) for AA (analysis not shown). However, signifi cant variation in mean AA for all cultivars occurred between years within location. Additionally, cultivar × location and cultivar × year within location interactions for AA were signifi cant, indicating a substantial change in rank or scale occurred among cultivars assessed in different environments. Changes in AA between years for individual cultivars ranged from an increase of 7.1 μmol·g -1 fruit (ʻShawneeʼ) to a decrease of 18.0 μmol·g -1 fruit (ʻSiskiyouʼ) in NZ; and an increase of 7.2 μmol·g -1 fruit (ʻBoysenʼ) to a decrease of 20. Variation in TPH was also present between years within location, and in cultivar × location and cultivar × year within location interactions (Table 3 ). The decreases in yearly means noted in both locations were signifi cant: from 452 mg/100 g fruit (2002) to 386 mg/100 g fruit (2003) in NZ and from 499 mg/100 g fruit (2002) to 458 mg/100 g fruit (2003) in OR. Cultivar changes in rank or scale between years and between locations were noted for TPH as well as AA. For example, for individual cultivars in NZ, changes in TPH between years ranged from an increase of 77 mg/100 g fruit (ʻShawneeʼ) to a decrease of 164 mg/100 g fruit (ʻBoysenʼ). Similarly, for fruit from OR, changes in TPH between years ranged from an increase of 55 mg/100 g fruit (ʻBlack Butteʼ) to a decrease of 135 mg/100 g fruit (ʻHull Thornlessʼ). Variation among cultivars and variation in mean TPH between locations were not signifi cant in the combined year analyses, but as with AA, there was signifi cant variation between locations (P = 0.031; analysis not shown) when data from 2003 alone were analyzed. For AA and TPH, between-extract variation was small but statistically signifi cant as compared to that between aliquots.
In contrast to the ANOVAs for AA and TPH, the ANOVA for fruit weight indicated that the variation observed among cultivars and between locations was signifi cant, but that the between-year variation in the mean fruit weight for all cultivars within a location was not (Table 4 ). The between-year variation in fruit weight of individual cultivars, however, was substantial but inconsistent among cultivars, as indicated by the signifi cant cultivar × year within location interaction.
A very high positive correlation existed between TPH and AA (r = 0.97, P < 0.001), while negative correlations of lower magnitude were noted between AA and fruit weight (r = -0.44, P < 0.001) and between TPH and fruit weight (r = -0.51, P < 0.001). Variation in fruit weight, then, could account for some of the observed variation in AA and TPH. Repeat ANOVAs for AA and TPH adjusted for fruit weight (Tables 2 and 3) show that this covariate was indeed signifi cant and that variation in AA and TPH among cultivars approached signifi cance when adjustment for fruit weight was made.
The results of the ANOVAs indicate the statistical signifi cance of the various sources of variation. However, the relative contribution of genotypic and environmental sources to the total observed variation in the three traits is also of interest (Table 5 ). In the combined year analyses, cultivar main effect and its interactions accounted for 66%, 63%, and 57% of total variation in AA, TPH and fruit weight respectively. The majority of this was interaction variance for AA and TPH, whereas for fruit weight two thirds of it was from the cultivar main effect. Including fruit weight as a covariate in the analyses of AA and TPH reduced the contribution to total variance made by location and year within location, and increased the contribution of the cultivar main effect.
Discussion
These results are noteworthy principally for demonstrating signifi cant cultivar × environment interactions for AA and TPH in blackberry and hybridberries. For these traits, simple cultivar and location effects were not signifi cant and accounted for <20% of total variance when both yearsʼ data were analyzed in a random effects model. Because only a single plot, albeit of up to three plants, of each cultivar was used at each location, it is not possible to separate effect of location from that of plant. Siriwoharn et al. (2004) found plot to plot variation in TPH to be negligible in ʻMarionʼ when ripe fruit were picked from a completely random- Connor et al. (2002) , who noted cultivar × location interactions for TPH and anthocyanins, and cultivar × year within location interactions for AA, TPH, and anthocyanins among nine genotypes harvested in three locations over 2 years. The reasons for the changes in AA and TPH within cultivar across years and across locations are not explained in this initial study, since the design did not intend to control, or defi ne differences in, climate conditions and horticultural practices. As noted in the introduction, the phenolic compounds that contribute to AA are produced by plants for diverse functions, including stress response. Although the plants at both sites were maintained with good orchard practices, unrecognized stresses or conditions (e.g., ultraviolet radiation, heat stress, or infection) may have increased the production of phenolic compounds in one of the seasons or locations, with the degree of response being at least partially genetically determined. Our data suggest that between-location variation in AA and TPH is partly attributable to between-location differences in fruit weight, but these differences per se are unlikely to account for the signifi cant cultivar × environment interactions for AA and TPH, because neither the signifi cance of the interaction components nor their contribution to total variance altered substantially with adjustment for fruit weight. As noted above, one of the limitations of our study was the use of single (one to three plant) plots. Greater replication could have improved the estimates of genotypic and environmental effects. Additional factors for which we did not adjust were differences in plant age within and between locations, and crop load. It is possible that these factors infl uenced fruit AA and TPH, but further studies are needed to determine their impact. By better defi ning those factors that strongly infl uence TPH (and AA) in fruit, we could possibly develop horticultural practices that increase AA in fruit (albeit more effectively in certain cultivars), without adversely affecting plant vigor or health.
The number of cultivars common to both locations and both years was relatively small (n = 12), which, despite their genetically diverse backgrounds, may have limited the among-cultivar differences in these traits. We observed 1.4-fold to 2.1-fold ranges in AA among cultivars within each location and each year. This is less than the 2.0-fold and 3.9-fold ranges that Clark et al. (2002) reported among blackberry genotypes harvested in Arkansas in 1999 (n =13 genotypes) and 2000 (n = 15 genotypes), using an oxygen radical absorbance capacity assay (ORAC). They also observed a 1.5-fold range in phenolics in 1999, and a 2.0-fold range in phenolics in 2000, which is similar to the 1.6-fold to 1.9-fold ranges obtained in this study, and the 1.5-fold range reported by Siriwoharn et al. (2004) . Thus, there is some evidence of greater variation among blackberry genotypes than we observed among our blackberries and hybridberries.
There was a high correlation (r = 0.97) between AA and TPH, when calculated on a cultivar-mean basis using data from each location and year. Similar high correlations were reported by Moyer et al. (2002) among 37 Rubus species and cultivars harvested in a single season (r = 0.90 between TPH and FRAP). This fi gure included data from fi ve Rubus species raspberries, and three black raspberry (R. occidentalis L. and hybrids) genotypes. Moyer et al. (2002) noted a lower correlation when data from 27 hybrid blackberries alone were considered (r = 0.75 between TPH and FRAP). In their study of variation in AA with fruit developmental stage among berry cultivars, Wang and Lin (2000) reported a high correlation between TPH and AA as measured by ORAC (r = 0.996), in juice obtained from mature fruit from three blackberry cultivars. A high correlation between TPH and AA has been noted in other fruit, including berry fruit (Connor et al., 2002; Deighton et al., 2002) and tree fruit (Kim et al., 2003; Leontowicz et al., 2002) . Many studies that report the relationship between AA and TPH, including ours, used a FolinCiocalteu reagent-based method to determine TPH. However, this method measures phenolic and nonphenolic oxidizable substances (Singleton et al., 1999) . Nonphenolic compounds, such as vitamin C, can interfere with the determination, if present in the fruit extracts. Hence, if our extracts contained appreciable amounts of oxidizable nonphenolic compounds, the correlation between AA and true TPH might be slightly lower than 0.97. Many berry fruit possess high concentrations of phenolic acids, anthocyanins, some fl avonols, and other phenolic classes, which have antioxidant activity in vitro (Jovanovic et al., 1998; Rice-Evans and Miller, 1998) . Vitamin C, folate, and carotenoids, which are nonphenolic compounds, possess AA as well, and while they are found in high concentration in some fruit, their concentrations in blackberry are not high compared to other fruit (USDA-ARS, 2004) and they probably do not contribute appreciably to the AA; however, we did not determine these compounds in our genotypes.
Fruit weight varied signifi cantly among cultivars and among locations, but the relative fruit weight of the 12 cultivars did not vary between locations. However, cultivar ranking for fruit weight altered between years within location. Moyer et al. (2002) reported an approximate 3.7-fold range in fruit weight among 27 hybrid blackberries and a 3.9-fold range among fi ve Rubus species blackberries harvested in a single year. This compares to the 1.7-fold to 2.5-fold ranges we observed in individual years in the two locations. Although large fruit size/weight is considered a desirable fruit quality in blackberry, both because of consumer preference and its impact on harvesting effi ciency (Daubeny, 1996) , the effects of location and year on fruit size variation do not appear to be well-documented. Caldwell and Moore (1982) suggested inheritance of fruit size in blackberry was quantitative, with partial dominance for small fruit size, based on progeny data from 12 seedling populations from crosses among small-, intermediate-, and large-fruited parents. They also reported broad sense and narrow sense heritability estimates of 0.76 and 0.62, respectively, for blackberry fruit size, and thus there appears to be substantial additive genetic variation. Their estimates were based on a single year of data among the 12 seedling populations in one location, so they do not document location and year effects on this trait.
Antioxidant activity and TPH were signifi cantly and inversely correlated with fruit weight, and analyses demonstrated the signifi cance of fruit weight when used as a covariate assessing AA and TPH. Notably, when adjustment for fruit weight was made, cultivar effects accounted for a much greater proportion of total variation in AA and TPH than previously, while the proportion of variation attributable to location effects simultaneously decreased to zero. These fi ndings suggest that between-location variation in AA or TPH, although not constituting a high proportion of total variation, could be largely explained by location effect on fruit weight, which is inversely related to AA and TPH. Additionally, the fact that the proportion of variation due to cultivar main effect increased when fruit weight was used as a covariate suggests that comparison of AA or TPH among cultivars that are distinguishable by different AA-fruit weight (or TPH-fruit weight) relationships can be made more precise by adjustment for fruit weight.
The negative correlation between AA and fruit size is of concern if the traits are genotypically correlated, since simultaneous progress in AA and fruit size in blackberries and hybridberries would be limited. Our study was not designed to investigate genotypic correlations. However, for red raspberry (R. idaeus L.), Connor et al. (2005) reported a negligible genotypic correlation of -0.07 between AA and fruit weight, despite fi nding a signifi cant negative phenotypic correlation of -0.34. If a low genotypic correlation can be confi rmed in blackberry as well, it would favor the prospect of breeding for large fruit size and high AA simultaneously.
In blueberry, the high concentration of anthocyanins (relative to other phenolic antioxidants) and their confi nement to the skin of the fruit might explain the inverse relationship reported between AA and fruit size (Connor et al., 2002) , since the surface area increases less rapidly than the total volume of the fruit, and the high anthocyanin concentration appears to contribute substantially to the AA in blueberry. In blackberry and hybridberries, a similar explanation for the inverse relationship between fruit weight and AA is not evident. A skin:fl esh partitioning of pigmentation is not observed in blackberries and hybridberries, and the contribution that anthocyanin content makes to AA may be less than that observed in blueberry. However, blackberries and hybridberries do possess a nonpigmented receptacle, and it is possible that with increasing fruit size this receptacle accounts for an increasing proportion of the total volume than the adherent drupelets. If the receptacleʼs concentration of phenolic compounds is lower than that of the drupelet fl esh and skin, this might explain the relationship between fruit size/weight and AA we observed in this study. Another possible contributor to the relationship is increased production of phenolic compounds in response to a stress that is severe enough to adversely affect fruit growth, leading to smaller fruit with high levels of phenolic antioxidants. However, the generally healthy condition of the plants and fruit used in this study makes this an unlikely explanation for our data. If the increase in fruit size was due in large part to increase in water content, then dilution effect might explain the inverse relationship between fruit size and AA or TPH. Our study did not include determination of soluble solids or fruit dry weights, which would help to confi rm or refute dilution effect. However, Siriwoharn et al. (2004) found a poor correlation between the mean SS and TPH of the 11 blackberry hybrids they studied (r = 0.11, derived from their Table 7 ). In the ANOVAs for AA and TPH, there was signifi cant variation among extracts within cultivar; this accounted for 6%-7% of total variation. The mean square values for extracts within cultivar were quite small compared to those for the main effects and most of the interactions, and it is therefore unlikely that any of the calculated F-values would have been meaningfully altered if among-extract variation were reduced. The extracts were each based on 30 g of fruit (20 g were used for fruit harvested in OR in 2002), which, for the average fruit weight of 6.9 g, represents only four or fi ve fruit. If among-fruit variation in AA and TPH were substantial, a small number of fruit per extract could be the source of signifi cant variation among extracts. Thus, those screening blackberry and hybridberry genotypes for AA or TPH might prefer using >30 g fruit per extract to try to reduce amongextract variation.
In summary, our two-location and 2-year study of AA and TPH in 12 blackberry and hybridberry cultivars did not demonstrate signifi cant among-cultivar and among-location variation, but indicated that variation between years within location was signifi cant, and that genotype × environment interactions were signifi cant. This suggests that optimal evaluation of genotypic performance for these traits should include assessment over several years and locations. The cultivars we evaluated display highly diverse interspecifi c backgrounds. As a group, they may not refl ect a "typical" parental pool in a blackberry/hybridberry breeding program. But use of a complex array of species from the Rubus blackberry subgenera, (and from other Rubus subgenera) continues to be characteristic of blackberry and hybridberry breeding, and thus the results from this study are expected to be applicable to blackberry and hybridberry breeding evaluation and selection.
